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1. Fourier-Borel
$n$ $X=\mathrm{C}^{n}$ $z=(z_{1}, z_{2}, \ldots, z_{n})$ , $n$
$Z$ $\zeta=((_{1}, \zeta_{2}, \ldots, \zeta_{n})$ . $Z$ $\mathcal{O}_{Z}$ . ,
$Z$ $A=(\alpha_{1}, \alpha_{2}, \ldots, \alpha_{n})$ $\mathcal{H}_{[A]}^{n}(\mathcal{O}z)$
, $Z$ , $D_{Z}$ .
(cf. SKK[29]) .
1 $\mathcal{H}_{[A]}^{n}(\mathcal{O}_{Z})$ $\mathcal{D}_{Z}$- simple .
,
$i:\mathcal{E}xt_{\mathcal{O}_{Z}}^{n}(\mathcal{O}_{Z}/\langle\zeta_{1}-\alpha_{1},\tilde{\zeta}_{2}-\alpha_{2}, \ldots,\zeta_{n}-\alpha_{n}\rangle, \mathcal{O}_{Z})arrow \mathcal{H}_{[A]}^{n}(\mathcal{O}_{Z})$
1
$[$ $]$
$\delta_{A}$ , 1 .
$\zeta_{1}-\alpha_{1}\zeta_{2}-\alpha_{2}\cdots\check{\mathrm{t}}n^{-\alpha_{n}}$
2 $H_{[A]}^{n}(\mathcal{O}z)$ $\psi_{A}$ ,
$T(- \frac{\partial}{\partial\zeta})$ $\psi_{A}=T(-\frac{\partial}{\partial\zeta})\delta_{A}$ .
$\delta_{A}$ $(\zeta_{j}-\alpha_{j})\delta_{4}.=0$ , $j=1,2,$ $\ldots,$ $n$ . Noether
.
, $\psi\in H_{[A]}^{n}(\mathcal{O}_{Z})$ , Fourier-Borel $FB(\psi)$
$FB( \psi)(z)=\frac{1}{(2\pi i)^{n}}\oint\cdots\oint_{A}\psi(()e^{((,z)}d\zeta$
. $\langle\zeta, z\rangle=\zeta_{1}z_{1}+\zeta_{2}z_{2}+\cdots+_{\mathrm{t}^{\mathrm{b}}n^{Z}n},$ $d\zeta=d(_{1}\wedge d\zeta_{2}\wedge\cdots\wedge d\zeta_{n}$ .
$\frac{1}{(2\pi i)^{n}}\oint$ . . . $\oint_{A}[\frac{\gamma_{1}!\cdots\gamma_{n}!}{(\zeta_{1}-\alpha_{1})^{\gamma_{1}+1}\cdots(\zeta_{n}-\alpha_{n})^{\gamma_{\hslash}+1}}]e^{\langle\zeta,z\rangle}d(=z_{1}^{\gamma_{1}}z_{2}^{\gamma 2}$ ... $z_{n}^{\gamma_{\hslash}}e^{\alpha_{1}z_{1}+\alpha_{2}z_{2}+\cdots+\alpha_{\hslash}z_{\hslash}}$
, Fourier-Borel transform $FB(\psi)$ , .
3
(i) $FB(\delta_{A})(z)=e^{(\alpha,z\rangle}$ ,
(ii) $FB((- \frac{\partial}{\partial(_{1}})^{\gamma 1}\cdots(-\frac{\partial}{\partial(_{\hslash}})^{\gamma_{\hslash}}\delta_{A})=z_{1}^{\gamma 1}z_{2}^{\gamma_{2}}\cdots z_{n}^{\gamma_{\hslash}}FB(\delta_{A})(z)$ .
$P(D)$ , $\zeta_{k}$






$M$ : $P_{1}(D)u(z)=P_{2}(D)u(z)=\cdots=P_{s}(D)u(z)=0$ total
symbol $p_{1}(\zeta),p_{2}(\zeta),$ $\ldots,p_{\theta}(\zeta)$ , $\mathrm{C}[\zeta_{1}, \zeta_{2}, \ldots, \zeta_{n}]$
$I$ .
$I=\langle p_{1}(\zeta),p_{2}(\zeta), \ldots,p_{s}(\zeta)\rangle$ .




$\mathcal{H}_{[V]}^{n}(\mathcal{O}z)$ , $\mathcal{H}_{[V]}^{n}(\mathcal{O}_{Z})$ $\Gamma$ ( $Z$, H $(\mathcal{O}z)$ )
$H_{[V]}^{n}(\mathcal{O}_{Z})$ .
, $V$ $A$ $\alpha=(\alpha_{1}, \alpha_{2}, \ldots, \alpha_{n})$ , $V$ ,
$\sum_{\alpha\in V}\sum_{\gamma}c_{\alpha,\gamma}z^{\gamma}e^{(\alpha,z)}$
$Exp(V)$ .
$Exp(V)= \{\sum_{\alpha\in V}\sum_{\gamma}c_{\alpha,\gamma}z^{\gamma}e^{\langle\alpha,z\rangle}|c_{\alpha,\gamma}\in \mathrm{C}\}$ .
, $\gamma=(.\gamma_{1}, \gamma_{2}, \ldots,\gamma_{n})$ , .
(cf. [20]) $\psi\in H_{[\nu’]}^{n}(\mathcal{O}z)$ , Fourier-Borel
$FB(\psi)$
$FB( \psi\grave{)}(z)={\rm Res}_{V}(\backslash \psi(()e^{((,z)}‘ d\zeta)_{(}=\sum_{A\in V}{\rm Res}_{A}(\psi(\zeta)e^{(\zeta,z)}d\zeta)_{\zeta}$
. $\langle\zeta, z\rangle=\zeta_{1}z_{1}+\zeta_{2}z_{2}+\cdots+\zeta_{n}z_{n}$ ${\rm Res}_{A}(**)$ $A\in V$
Grothendieck local ( .
.
5 Fourier-Borel $FB$ : $H_{[V]}^{n}(\mathcal{O}z)arrow Exp(V)$
.
$\Sigma$ .
$\Sigma=\{\psi\in H_{[V]}^{n}(O_{Z})|p(\zeta)\psi=0, \forall p\in I\}$ .







$FB$ $\Sigma$ $\downarrow 5^{\gamma}$ .
Grothendieck $R$ : $\mathrm{C}[\zeta_{1}, (_{2}, \ldots, \zeta_{n}]\cross\Sigmaarrow \mathrm{C}$ $R(f, \psi)=$
$Resv(f(\zeta)\psi(\zeta)d\zeta)$ $f\in I$ $R(f, \psi)=0$ . ,
$R$ $\mathrm{C}[\zeta_{1}, \zeta_{2}, \ldots, \zeta_{n}]/I$ \Sigma pairing $\mathrm{C}[\zeta_{1}, \zeta_{2}, \ldots, \zeta_{n}]/I\cross\Sigmaarrow \mathrm{C}$
. pairing Grothendieck duality
, ([8], [10]). ,
$\Sigma$ $\mathrm{C}[\zeta_{1},$ $(_{2}$ , ..., $\zeta_{n}]/I$ (
, $\Sigma$ $\mathrm{C}[\zeta_{1},\dot{\mathrm{t}}2, \ldots, \zeta_{n}]/I$
$([35],[37]))$ .
, $I$ , $I$ $\mathcal{O}_{Z}$- $Oz/I$ $\mathcal{M}_{P}$ .
$\Sigma$ $\{\psi\in \mathcal{H}_{[V]}^{n}(O_{Z})|p(\zeta)\psi=0, \forall p\in I\}$ , $\Sigma$ .
, $Z$ $W$ , $W$
$\mathcal{H}_{[W]}^{n}(\mathcal{O}_{Z})$ . , .
7 .
(i) $\mathcal{H}omo_{Z}(\mathcal{M}_{P},\mathcal{H}_{W\mathrm{J}}^{n}(\mathcal{O}_{Z}^{\cdot}))=\Gamma_{W\cap V}(\Sigma)$ ,
(ii) $\epsilon_{xj_{o_{Z}(’\mathcal{M}_{P},\mathcal{H}_{[W]}^{n}(Oz))}}’=0$ , for $j\geq 1$ .














$M$ : $P_{1}(D)u=P_{2}(D)u=\cdots=P_{\ell}(D)u=0$ ,
$B_{1}(D),$ $B_{2}(D),$
$\ldots,$
$B_{t}(D) \in \mathrm{C}[\frac{\partial}{\partial z_{1}}, \ldots, \frac{\partial}{\partial z_{n}}]$ .




$B_{j}(D)u(z)|_{z=0}=w_{j}$ , $w_{j}\in \mathrm{C}$ for $j=1,2,$ $\ldots,$ $.
, Cauchy problem $\mathrm{C}\mathrm{P}$ well-posed , $w_{i}\in \mathrm{C}(j=1,2, \ldots, t,)$
Cauchy CP – $B_{j}(D)$ total
symbol $b_{i}(\zeta)$ , $b_{j}(()+I$ $[b_{j}]\in \mathrm{C}[\zeta_{1}, \zeta_{2}, \ldots, \zeta_{n}]/I$ .
8 .
(i) Cauchy $\mathrm{C}\mathrm{P}$ well-posed .





. $\mathrm{C}[D_{x}, D_{y}]$ $P_{1},$ $P_{2}$





. $\mathrm{C}[D_{x}, D_{y}]/I_{D}$ ( , )
$\{D_{y}^{3}, D_{y}^{2}, D_{x}^{4}D_{y}, D_{x}^{3}D_{y}, D_{x}^{2}D_{y}, D_{x}D_{y}, D_{y}, D_{x}^{8},D_{x}^{7}, D_{x}^{6}, D_{x}^{5}, D_{x}^{4}, D_{x}^{3}, D_{x}^{2}, D_{x}, 1\}$
, . ( 16
. $V$ $(\xi,\eta)=(0,0)$
4 . , ,
)
, .
, $B_{1}(D),$ $B_{2}(D),$ $\ldots,$ $B_{m}(D)\in$
$\mathrm{C}[\frac{\partial}{\partial z_{1}}, \ldots, \frac{\partial}{\partial z_{n}}]$ . , $\mathrm{C}[\zeta_{1}, \zeta_{2}, \ldots, \zeta_{n}]/I$
5
$m$ . $F_{D}$ $F_{P}$ .
$F_{D}($ $P_{1}(D)u_{k}(z)=P_{2}(D)u_{k}(z)=\cdots=P_{s}(D)u_{k}(z)=0$ ,
$B_{j}(D)u_{k}(z)|_{z=0}=\delta_{j,k}$ , $1\leq j,$ $k\leq m$ ,
$F_{P}\{$
$p_{1}(\zeta)\psi_{k}(\zeta)=p_{2}(\zeta)\psi_{k}(\zeta)=...$ $=p_{s}(\zeta)\psi_{k}(\zeta)=0$ ,
Resv $(b_{j}(\zeta)\psi_{k}(\zeta)d\zeta)=\delta_{j,k}$ , $1\leq j,$ $k\leq m$
.
, $\delta_{j,k}$ .
$F_{D}$ , $F_{P}$ , $\mathrm{C}[\zeta_{1}, \zeta_{2}, \ldots, \zeta_{n}]/I$
$\{[b_{1}], [b_{2}], \ldots, [b_{m}]\}$ , $\Sigma$ (biorthonomal )
.
.








(Renainder formula residual duality(cf. [35], [37])) $f$ $I$
$f+I$ $[f]$ , $[b_{1}],$ $[b_{2}],$ $\ldots,$ $[b_{m}]$ $\mathrm{C}[\zeta_{1}, \zeta_{2}, \ldots, \zeta_{n}]/I$
, – .
$[f]=c_{1}[b_{1}]+c_{2}[b_{2}]+\cdots+c_{m}[b_{m}]$ , $c_{k}\in \mathrm{C}$ .




$(D_{x}D_{\mathrm{y}}-D_{x})u(x, y)=(D_{x}^{2}-D_{y})u(x, y)=0$ .
$D_{y}\succ D_{x}$ ,
$(D_{y}-D_{x}^{2})u=(D_{x}^{3}-D_{x})u=0$
. , $F_{1}(D)=D_{y}-D_{x}^{2},$ $F_{2}(D)=D_{x}^{3}-D_{x}$ , $(\xi, \eta)=\eta-$
$\xi^{2},$ $f_{2}(\xi, \eta)=\xi^{3}-\xi$ $I$ . $V$ 3 $(0,0),$ $(-1,1),$ $(1,1)$
6
, 1 . $\mathrm{C}[\xi, \eta]/I$ monomial
$\{1, \xi, \xi^{2}\}$ . $\Sigma$
$[ \frac{1}{\xi\eta}],$ $\frac{1}{2}[\frac{1}{(\xi-1)(\eta-1)}]-\frac{1}{2}[\frac{1}{(\xi+1)(\eta-1)}],$ $\frac{1}{2}[\frac{1}{(\xi-1)(\eta-1)}]+\frac{1}{2}[\frac{1}{(\xi+1)(\eta-1)}]-[\frac{1}{\xi\eta}]$
( , complete intersection – , Hermite-Jacobi
(cf. $[3],[35],[39]$ ) $)$ .
Fourier-Borel




$D_{x}^{j}u_{k}(0)=\delta_{j,k}$ , $j,$ $k=0,1,2$,
. , $\Sigma$
$[ \frac{1}{\xi\eta}],$ $[ \frac{1}{(\xi-1)(\eta-1)}],$ $[ \frac{1}{(\xi+1)(\eta-1)}]$
,
$w_{\mathrm{O}}\{x,$ $y)=1,$ $w_{1}(x, y)=e^{x+y},$ $w_{2}(x, y)=e^{-x+y}$
, $\mathrm{C}[\xi, \eta]/I$ $\{-\xi^{2}+1, \frac{1}{2}\xi^{2}+\frac{1}{2}\xi, \frac{1}{2}\xi^{2}-\frac{1}{2}\xi\}$ .
, $B_{0},$ $B_{1},$ $B_{2}$
$B_{0}(D)=-D_{x}^{2}+1,$ $B_{1}(D)= \frac{1}{2}D_{x}^{2}+\frac{1}{2}D_{x},$ $B_{2}(D)= \frac{1}{2}D_{x}^{2}-\frac{1}{2}D_{x}$
, $w_{0},$ $w_{1},$ $w_{2}$ , $B_{i}(D)w_{k}(0,0)=\delta_{j,k}$
.














A. L. Cauchy (Application $du$ calcul des
residus a $l$ ’ integration des equations differentielles lineaires et a coefficients constants,
Exercies de math\’ematiques, Paris (1826) $)$ .
$X=\mathrm{C}$ , $u(z)$ $m$
$P(D)u(z)=0$ , $P(D)$ total symbol
$p(\zeta)$ . $\tilde{\mathrm{t}}$ $Z$ . ,
$u(z)$ .
$u(z)= \frac{1}{2\pi i}\oint\frac{h(\zeta)}{p(\zeta)}e^{(\cdot z}d\zeta$ .
, $h(\zeta)$ . ,
$P(D)u(z)= \frac{1}{2\pi i}\oint\frac{h(\zeta)p(()}{p(()}e^{(\cdot z}d\zeta=\frac{1}{2\pi i}\oint h(\zeta)e^{\zeta\cdot z}d\zeta=0$
, $u(z)$ $P(D)u(z)=0$ .
$h(\zeta)$ , $m-1$ , $\mathrm{u}(z)$
$m$ . , $P(D)u(z)=0$ ,
. Cauchy ,
.
, Hermi-te 1879 [12] , .
$u(z)= \frac{1}{2\pi i}\oint\frac{h(()}{p(\zeta)}e^{(\cdot z}d($
$z$ $i$
$D_{z}^{j}u(z)= \frac{1}{2\pi i}\oint\frac{(^{j}h(\zeta)}{p(\zeta)}e^{(\cdot z}d\zeta$
$D_{z}^{j}u(0)= \frac{1}{2\pi i}\oint\frac{\zeta^{j}h(\zeta)}{p(\zeta)}d\zeta$
. ,
$\frac{1}{2\pi i}\oint\frac{\zeta^{j}h_{k}(\zeta)}{p(\zeta)}d\zeta=\delta_{j,k}$ , $0\leq j,$ $k\leq m-1$
$h_{k}(\zeta),$ $k=0,1,2,$ $\ldots,m-1$ ,





$D_{z}^{j}u(0)=c_{j}$ , $j=0,1,$ $\ldots,$ $m-1$ .
. , $h_{k},$ $k=0,1,$ $\ldots,$ $m-1$ , ,
[11] Hermite .
.




$\frac{1}{2\pi i}\oint\frac{\zeta^{j}h_{k}(\zeta)}{p(\zeta)}d\zeta=\delta_{j,k}$, $0\leq j,$ $k\leq m-1$





– , - Cauchy
Hermite ([37]).
, $P(D)u(z)=0$ , $P$ $p(\zeta)$
$I$ . $P$ $V=\{\zeta\in Z|p(\zeta)=0\}$ , $V$
$\mathcal{H}_{[V]}^{1}(\mathcal{O}_{Z})$ . $V$
$\mathcal{O}_{Z}\langle*V$ ) ,
$0arrow \mathcal{O}_{Z}arrow O_{Z}\langle*V\ranglearrow \mathcal{H}_{[V]}^{1}(\mathcal{O}_{Z})arrow 0$
, H $(O_{Z})$




$\text{ _{ }\psi}\in H_{[V]}^{1}(\mathcal{O}_{Z})\text{ },$ $\text{ }\mathrm{F}\mathrm{o}\mathrm{u}\mathrm{r}\mathrm{i}\mathrm{e}\mathrm{r}$-Borel FB$(\psi)$
$FB( \psi)(z)={\rm Res}_{V}(\psi(\zeta)e^{\langle(,z\rangle}d\zeta)_{(}=\sum_{A\in V}{\rm Res}_{A}(\psi(\zeta)e^{((,z\}}d\zeta)_{\zeta}$





$P(D)u(z)=0$ , $\Sigma$ Fourier-Borel




. , $[ \frac{1}{p(\eta)}]\mathrm{I}\mathrm{h}\text{ }\frac{1}{p(\eta)}$




. , $\mathrm{C}[\zeta]/I$ $span\{1, \zeta, \zeta^{2}, \ldots, \zeta^{m-1}\}$ –
( $p$ $m$ ).
$\frac{p(\eta)p(()}{\eta\zeta}==\sum_{k=0}^{m-1}h_{k}(\eta)\zeta^{k}$ .
, $\{1, \zeta, \zeta^{2}, \ldots, \zeta^{m-1}\}$ $\Sigma$
. , Hermi-te $h_{k}(\zeta)$
$($










$h_{0}(\eta)=\eta^{2}-6\eta+9,$ $h_{1}(\eta)=\eta-6,$ $h_{2}(\eta)=1$ . $\kappa$
$\kappa=[\frac{1}{\eta}]+(-\frac{2}{3}[\frac{1}{\eta}]+\frac{2}{3}[\frac{1}{\eta-3}]-[\frac{1}{(\eta-3)^{2}}])\zeta+(\frac{1}{9}[\frac{1}{\eta}]-\frac{1}{9}[\frac{1}{\eta-3}]+\frac{1}{3}[\frac{1}{(\eta-3)^{2}}])\zeta^{2}$




$u_{0}(^{\sim}.‘’)=1,u_{1}(z)=-‘ \frac{2}{3}+\frac{2}{3}e^{3z}-ze^{3z},$ $u_{2}(z)= \frac{1}{9}-\frac{1}{9}e^{3z}+\frac{1}{3}ze^{3z}$
, 7 , $v(z)$
$P(D)u(z)=v(z)$ $u(z)$ Fourier-
Borel .
$\frac{d^{2}u}{dz^{2}}$ -,F $2 \frac{du}{dz}--3u=z$ .
$u(z)$ , $u=FB(\psi)$














, Fourier-Borel $u(z)$ . $u$
$u(z)= \frac{1}{2\pi i}\oint e^{(z}[\frac{1}{(\zeta^{2}+2\zeta-3)\zeta^{2}}]d\zeta$













. , $\frac{g(()}{f(\zeta)^{m+1}}$ ,
$f(()$ $d$ ( ,
). $f$ $V$ . $f’$ $f$
.
, 1 .
$\text{ }$ a $[ \frac{f’}{f}]$ , $\varphi(\zeta)$
$\frac{1}{2\pi i}\oint[\frac{f’}{f}]\varphi(\zeta)d\zeta=\sum_{\alpha\in V}\varphi(\alpha)$
. $\alpha\in V$ $[ \frac{1}{\zeta-\alpha}]$ $\delta_{\alpha}$
, $[ \frac{f’}{f}]=\sum_{\alpha\in V}\delta_{\alpha}$ . $c(\zeta)$
$[c( \zeta)\frac{f’}{f}]=\sum_{\alpha\in V}c(\alpha)\delta_{\alpha}$
12
. , $a((), b(\zeta)$ $a(\zeta)f(()+b(\zeta)f’(()=1$ . ,
$[ \frac{1}{f}]=[\frac{af+bf’}{f}]=[b\frac{f’}{f}]$
$[ \frac{g}{f}]=[b(\zeta)g(()\frac{f’}{f}]$ . $\text{ }$ ’ $\frac{g}{f}$ ,
$g$
$b$ , $f$ $c$ , $\frac{g}{f}$
$[ \frac{g}{f}]=\sum_{\alpha\in V}c(\alpha)\ovalbox{\tt\small REJECT}$
. , – .
, .











, $d-1$ $r\kappa(\zeta),$ $k=1,2,$ $\ldots,m$ ,
$[ \frac{g(\zeta)}{f(\zeta)^{m+1}}]=\sum_{k=1}^{m}(-\frac{\partial}{\partial\zeta})^{k}[\frac{r_{k’}(\zeta)}{f(\zeta)}]$





$\zeta$ $D$ . , $f(()$
$F$ , (\mbox{\boldmath $\zeta$}) $f’(\zeta)$ $F’$
. $k$ , $\text{ ^{}k}$ $\mathrm{C}[\zeta]$ \langle ,
$\mathrm{C}[\zeta]/\langle \text{ ^{}k}\rangle$ . .
10 $k$ , $-FD+kF’$ .
.
$(-FD+kF’)F^{k}=-F^{k+1}D$








$P$ $P=FD+(m+1)F’$ , $\frac{1}{f^{m+1}}$ $P \frac{1}{f^{m+1}}$
. , $[ \frac{g}{\text{ ^{}m+1}}]$ –
([23]). , $F$ ,
$\mathrm{C}[\zeta, D]$ $\langle F\rangle$ . $T$
$T= \sum_{k=1}^{m}(-\frac{\partial}{\partial\zeta})^{k}c_{k}(\zeta)$
$PT\in\langle F\rangle$ , .
3
a($()$ (\mbox{\boldmath $\zeta$})+b(\mbox{\boldmath $\zeta$}) /(\mbox{\boldmath $\zeta$}) $=1$
$k[ \frac{1}{\text{ ^{}k+1}}]=k[\frac{a\text{ }+bf’}{f^{k+1}}]=ka(\zeta)[\frac{1}{f^{k}}]+b(\zeta)(-D)[\frac{1}{\text{ ^{}k}}]$
. $a(\zeta)$ $A$ , $b(\zeta)$
$B$ ,









(\xi ) $=\xi^{5}-3\xi^{4}+7\xi^{3}+2\xi+1$ .










, L. Ehrenpreis Noether
. , ,
Noether .
, . 3 , $I$








, $V$ $A_{j}$ $\Sigma_{A_{j}}$ $\Sigma$ .
15
, .
$P_{1},$ $P_{2}$ $P_{1}(D)=D_{x}^{3},$ $P_{2}(D)=D_{y}^{2}+2D_{x}^{2}+3D_{x}$ ,
$P_{1}u(x, y)=P_{2}u(x, y)=0$ . , $p_{1}(\xi, \eta)=$
$\xi^{3},p_{2}(\xi, \eta)=\eta^{2}+2\xi^{2}+3\xi\in C[\xi, \eta]$ $I=\langle p_{1},p_{2}\rangle$ .
$\{p_{1},p_{2}\}$ , $I$ Gr\"obner . $I$ ,
$b_{1}=1,$ $b_{2}=\xi,$ $b_{3}=\xi^{2},$ $b_{4}=\eta,$ $b_{5}=\xi\eta$ , $=\xi^{2}\eta$ , $\mathrm{S}\mathrm{p}\mathrm{a}\mathrm{n}\{b_{1}, b_{2}, \ldots, b_{6}\}$ –
.
$\Sigma=\{\psi\in H_{[(0,0)]}^{2}(\mathcal{O}_{Z})|p_{1}(\xi, \eta)\psi=p_{2}(\xi, \eta)\psi=0\}$
$O_{Z}$ ,
$\sigma=[\frac{1}{\xi^{3}(\eta^{2}+2\xi^{2}+3\xi)}]\in H_{[(0,0)]}^{2}(O_{Z})$





, $\sigma$ $Dz$ annihilating
ideal $Ann\subset Dz$ ([32], [33]). $Ann$ $Q_{1}=\xi^{3},$ $Q_{2}=\eta^{2}+2\xi^{2}+3\xi$
– .
$F=6 \xi\frac{\partial}{\partial\xi}+(2\xi\eta+3\eta)\frac{\partial}{\partial\eta}+4\xi+24$ .











$\psi_{1}=\xi^{2}\eta\sigma,$ $\psi_{2}=\xi\eta\sigma,$ $\psi_{3}=\eta\sigma,$ $\psi_{4}=\xi^{2}\sigma,$ $\psi_{5}=\xi\sigma,$ $\psi_{6}=\sigma$ .
, $\delta_{(0,0)}$
. , $\sigma=T\delta_{(0,0)}$ , $\xi^{2}\eta T,$ $\xi\eta T,$ $\eta T,$ $\xi^{2}T,$ $\xi T,$ $T$
$\mathrm{C}[\xi, \eta, D_{\xi}, D_{\eta}]\langle\xi, \eta\rangle$ ,
$1,$ $- \frac{3}{2}(-D_{\eta})^{2}+(-D_{\xi}),$ $\frac{3}{8}(-D_{\eta})^{4}-\frac{3}{2}(-D_{\xi})(-D_{\eta})^{2}-(-D_{\eta})^{2}+\frac{1}{2}(-D_{\xi})^{2},$ $-D_{\eta}$ ,
$-(-D_{\eta})^{3}+(-D_{\xi})(-D_{\eta}),$ $\frac{3}{40}(-D_{\eta})^{5}-\frac{1}{2}(-D\epsilon)(-D_{\eta})^{3}-\frac{1}{3}(-D_{\eta})^{3}+\frac{1}{2}(-D_{\xi})^{2}(-D_{\eta})$
. , $\delta_{(0,0)}$ ,
.
, $\psi_{k}$ Fourier-Borel $u_{k}=FB(\psi_{k})$
.
$u_{k}(x, y),$ $k=1,2,$ $\ldots,$ $6$
$D_{x}^{3}u(x, y)=(D_{y}^{2}+2D_{x}^{2}+3D_{x})u(x, y)=0$
, $B_{i}$ $B_{j}(D)u_{\mathrm{J}}(\mathrm{O}, 0)=\delta_{j.k}$
.
,
. , , total symbol
regular sequence $p_{1}(\zeta),p_{2}(\dot{\mathrm{t}}),$ $\ldots.,p_{n}(()$ $\sigma$
.
$\sigma=[\frac{1}{p_{1}p_{2}\cdots p_{n}}]\in H_{[V]}^{n}(\mathcal{O}_{Z})$.
$V=\{A_{1}, A_{2}, \ldots, A_{\ell}\}$ , $\sigma=\sigma_{1}+\sigma_{2}+\cdots+\sigma\ell$
. $\Sigma_{A_{j}}$ $\mathcal{O}z$ $\sigma_{i}$ . ,
$\sigma$ , $\Sigma$ .
$\sigma$ , .
$12([32])$ $\sigma$ annihilating ideal $Ann=\{R\in \mathcal{D}_{Z}|R\sigma=0\}$
. $A_{i}$ $\{\psi\in \mathcal{H}_{[A_{\mathfrak{i}}]}^{n}(\mathcal{O}z)|R\psi=0, R\in Ann\}=\mathrm{C}\sigma$: .
complete intersection ,
, Noether , $\Sigma$ .
Noether , .
1 , $A=(\alpha_{1}, \alpha_{2}, \ldots, \alpha_{n})\in Z$ ,
$i$ : $Ext_{o_{z}}^{n}(O_{Z}/(\zeta_{1}-\alpha_{1}, \zeta_{2}-\alpha_{2}, \ldots, \zeta_{n}-\alpha_{n}\rangle, O_{Z})rightarrow H_{[A]}^{n}(O_{Z})$
17
1







13 $A\in V$ $\psi_{A}=T(-\frac{\partial}{\partial\zeta})\delta_{A}$ $\Sigma_{A}=$
\Sigma \cap H| $(\mathcal{O}_{Z})$
T\in DZ $\langle$ \mbox{\boldmath $\zeta$}1 $-\alpha_{1},$ $(_{2}-\alpha_{2},$ $\ldots,$ $(_{n}-\alpha_{n})$ , \forall $\in I$
.
$NT_{A}=(T|fT\in Dz\langle(_{1}-\alpha_{1}, \zeta_{2}-\alpha_{2}, \ldots, \zeta_{n}-\alpha_{n}\rangle,$ $\forall f\in I\}$ .





([4], [9], [26], [47]) $X=\mathrm{C}^{3}$ .
$\frac{\partial^{2}}{\partial z_{1}^{2}}u=\frac{\partial^{2}}{\partial z_{2}^{2}}u=(\frac{\partial}{\partial z_{2}}-\frac{\partial^{2}}{\partial_{Z_{1}}\partial z_{3}})u=0$.
$(_{1}^{2},$ $\zeta_{2}^{2},$ $\zeta_{2}-\zeta_{1}\zeta_{3}$ $I$ , $V$ .
$V=\{(\zeta_{1}, \zeta_{2}, \zeta_{3})\in Z|\zeta_{1}=\zeta_{2}=0\}$
, $V$ 2 . $V$
$\delta=[\frac{1}{\zeta_{1}c_{2}}]$ . $T$ $T=(- \frac{\partial}{\partial\zeta_{1}})+\zeta_{3}(-\frac{\partial}{\partial\zeta_{2}})$ . $I$




$\Sigma=$ { $\psi\in H_{[V]}^{2}(O_{Z})|$ \psi =0, $\forall f\in I$ }
. , $T$ Noether .
6.
18
, $\in \mathrm{Q}[\frac{\partial}{\partial z_{1}}, \frac{\partial}{\partial z_{2}}, \ldots, \frac{\partial}{\partial z_{n}}]$
$M$ : $P_{1}(D)u(z)=P_{2}(D)u(z)=\cdots=P_{\delta}(D)u(z)=0$ exact
. ,
, $A\in V$ ,
. ,
.
, $I=(p_{1}(\zeta),p_{2}(\zeta),$ $\ldots,p_{s}(\zeta)\rangle\subset \mathrm{Q}[\zeta_{1}, \ldots, \zeta_{n}]$





(i) $\Sigma_{I_{j}}=$ { $\psi\in H_{[V_{1}]}^{n}.(\mathcal{O}_{Z})|$ \psi =0, \forall $\in I_{j}$ }
(ii) $\Sigma=\Sigma_{I_{1}}\oplus\Sigma.I_{2}\oplus\cdots\oplus\Sigma_{I_{p}}$
$I_{i}$ $\sqrt T_{i}=\langle p_{i,1}(\zeta),p_{1,2}(\zeta), \ldots,p_{1,n}(\zeta)\rangle$ , fundamental cycle $[V_{i}]$
$[V:]=[ \frac{|\frac{\partial(pj.1pi.2.\cdot pj.n1}{\partial\langle\zeta_{1},(_{2}.(_{\hslash}):}|;.’|}{p_{1,1}p:,2p_{i,n}},,’]\in H_{[V_{1}]}^{n}(O_{Z})$
. , $[V_{i}]= \sum_{A\in v_{i}}\delta_{A}$ .
, $\psi_{1}\in H_{[V_{j}]}^{n}(O_{Z})$ $T$ $\psi_{1}=T[V:]$
.
$15([40], [42])$ \sim \psi , $\Sigma_{1}$
$\text{ }T\in D_{Z}\sqrt{I_{i}}$, $\forall f\in I_{1}$
.
,
$([40|)$ . , $\Sigma_{j}$ . $\Sigma_{j}$
$\mathrm{C}[\zeta]/I_{i}$ – . ,
,





$\ovalbox{\tt\small REJECT}(D)=D_{x}^{4}+2D_{x}^{2}D_{y}^{2}+D_{y}^{4}+3D_{x}^{2}D_{y}-D_{y}^{3},$ $P_{2}(D)=D_{x}^{2}+D_{y}^{2}-1$ ,
$P_{1}(D)u(x, y)=P_{2}(D)u(x, y)=0$ $P_{1},$ $P_{2}$ total symbol $p_{1},p_{2}$




, $I=I_{1}\cap I_{2}$ . $I_{1}$ $I_{2}$ $\sqrt{1}=(\eta-1,\xi\rangle,$ $\sqrt{I_{2}}=$
$\langle 2\eta+1,4\xi^{2}-3\rangle$ . $I$ $V$ 3 $(0,1),$ $(-2 \mathrm{L}3, -\frac{1}{2}),$ $(_{2}^{\mathrm{L}\mathrm{s}}, - \frac{1}{2})$




, $\Sigma_{I_{1}}=\mathrm{S}\mathrm{p}\mathrm{a}\mathrm{n}\{\delta v_{1}, (-D_{\xi})\delta_{V_{1}}\}$ 15 $\Sigma_{I_{2}}=$
$\mathrm{S}\mathrm{p}\mathrm{a}\mathrm{n}\{\delta_{V_{2}}, \xi\delta_{V_{2}}, T\delta_{V_{2}}, T(\xi\delta_{V_{2}})\}$ $T$
.
$T=-D_{\xi}-2\xi D_{\eta}$ .
$\mathrm{C}[\xi, \eta]/I$ $\{\xi^{5}, \xi^{4}, \xi^{3}, \xi^{2}, \xi, 1\}$ . ,
$\Sigma$ (biorthonormal ) .
$\frac{16}{9}(-D_{\xi})\delta_{V_{1}}+(-\frac{8}{9}T-\frac{32}{9}\xi)\delta_{V_{2}}$ , $\frac{16}{9}\delta_{V_{1}}+(-\frac{8}{9}T\xi+\frac{16}{9}\xi)\delta_{V_{2}}$ ,
$- \frac{8}{3}(-D_{\xi})\delta_{V_{1}}+(\frac{2}{3}T-\frac{16}{9}\xi)\delta_{V_{2}}$ , $- \frac{8}{3}\delta_{V_{1}}+(\frac{2}{3}T\xi-\frac{8}{3})\delta_{V_{2}}$ ,
$(-D_{\xi})\delta_{V_{1}},$ $\delta_{V_{1}}$
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